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ONEIDFNTIAL

ne Method of .Bartisl Iaversion in Relay Oizoults

[ Notes Belov de n tranclation of a Ruosian article which appeared in the
Flectrotechnical Section of Doklady Akedemil Nauk S88R, Yol LXXV ¥o 5, mp
685-7 (11 Deo'50), The authors are V. A, Knvoshchul and M, Gavrilevy
Academician V. 0, Kulebakin submitted the article & Oct‘so.ﬁ

, As is ¥mown, to any reley oircult, which contains the reacting: . orgene
of the exocutive olements and the contaot oircuits acting on them, thare cor-
responds a ec-called inverse oireuit, which is identicnl in operation to the
fivst olyoult and io obteined from it by one's replacinz in the firot olroult
21l connections by their oppositos (that is, 2ll series connactions nre ro-
placed by parallel connections and vice versa) and by one's substituting in
place of each oloment of the original oiroult the element'e inverse, Sce M, A
Gavrilov'e Tooriye Réeleyno-kontektnykh Skhem (Theory of Relay-Oontact Otrouits)
published 1950 bty the Academy of Sciencas of the USSR,

Yor example, the circult in figure la hes no 18 ensily noted the eame
ovoratlon as the cirocult in figure 1b, which is obtained firem the first ocirouit
ty tho abéve-indicated oporations, In both of thece schenes the cireunito act-
ing upon eloments X1 and X2 have the follewing formt

3‘(31) ==a(b=+c)d and E‘(XZ) = nref.

The eperation of comnlete inversion ic apnlied, nv ie atrictly slown, to
sll relay cirecuits without exception and in vealized if the circiit is dosori-
Yed annlytically by one'e taling tho nercative of the cirouit'e structural for=
mala, For example, the structural formula for figure la is described in the
following manner: -
F =a(b+c)dXy+arefXy

1f ono tales its inverse, one then obtalne:
F =(a4bro+a+X) ate+I+%X2) .
This structural formula will correspond to the circuit in figure 1d.

I the circuit under consideretion has bridre connections and, becauseo
of this, cennot be descrided with the alid of the signs for series end parallel
connections, then the clrcult's transformation to the inverse circult is carried
out grophically, es shown in Gavrilov'e boolk mentioned above.

The inverse circults possess the foliowinguderect: in the nonoperative
gtote the remcting organs of the executive slements in them are shunted by
contact circuite, thanks to which the input point of the cireuit turns out to
e short-circuited with the output point (see figure 1b), Buch circuits, there=~
fore, ere connected with en additional resistance, which prevents the source
from belng shortacircuited when the circuit is in the nonoperative stnte: other-
wise in thie case the current source muet be dlsconnected from such ctreulte.

In mctual practical relay devices bne malces use of the so-called "polarized"
ciroult schemes, which according to the prineciple governing the connection of
executive elements oan belong to the inverse circult schemes; these do not have
the above-indicated defect., For example, the cireult in figure la will have the
form shown in figure lc when it employe a polerized connection of the executive
elements X7 and X2, Thig eircult is identical in operation to the circuit in
figure 1b; however when the cirecuit is in the nonoperative state its input and
output polnts are not short-circulted.

Below we shaell propose m general method for constructing polarized clr-
cults, As 16 easlly shown, these circults are obtalned for certain particular
cases of relay circults with the ald of partiasl inversiony that is, by ueing
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the above-indicated rules for not all of the elements but only a certain part

of them, Yor example, if we dosignate the individual parte of the eireuit shown
in figure la ae represented in fisure 143 that 10, represent its structurel for=
mila in the following form

F=T Ty =017, (1)
then the oireult in figure 1b ie descrided as follows:
r= (F‘l*i"l)(i'z*'iz) ' (2)
while the structural formula for figure lc ie deccribed in the following formt
P =(F+ 1) (To+ 1) (3)

These exprossions indicate that complete inversion talzes place in figure
1b, whereas in figure'lo inversion is effected only relative to parte, T and
Fp , of tho circult) within these parts the elements of the oircuit are not
inverted.

We shall aesumo thot in onch cacer clrculto of tho type in flgurve la are
trencformable in circults of the type in fisure 1d.

Lot uo be intorosted in the oporation of n cortuin element X, which io
loonted within the part of tho circult desipgnated in figure 1d by the symbol
1, In tho nost general case, Fp in the circult onn be circuits thet are conw
nected both in series and in porallel with the element X, Let ue designate the
firet circuits by f'y and the second ones by f3. Then the eircuit in fipure 14
tokes the form represented in figure 2n. This circult will ronresent in the
gonoral form the entire clans of cirocuite under study,

For comnlete inversion the circult in figure 2a ie converted into the
oiroult in figure 2b, end for partial inversion, corresponding to figure:lf,
it takes tiie form represented in figure 2¢. Transformation of the circult in
figure 2a into tho circult in figure 2c will obviously be pormisesible only if
the contact circuits ncting on this element have one and the came form,

The ctructural formula of the cirenit in figure 2a is as follows:

F=F" (X4 10)) +Flgfp === Pl Flaf—+ Fighy (L)

The eircult of eclement X will be closed when the contmct circults

connected in series with X -:: are clésed and the circuits connected in para-
1lel with X are disconnected. Thorefore we have:

Tgy==F4 £19(F1 84 B iy =P 20y (T 1) (F1 o4 F))
=700 (F+F,) . &)
The structural formula of the ecircuit in figuge 2¢ is:
B = (Fryh 01X 51 ) (F8H0) = £19%(F o+ 1) +(Fr bty ) (Fro+0,) (6)
The eircults meting upon the element X in this rircuit ave:
Plgy= 2!y (F'p+ 7)) W’
=13 (Flp= Fp) (P F+FF,) = BIEn T (Fr oDy | (7)

Bxpressions (5) and (7) will be equal with each other only if the paren-
theses in both expressions are equal to unity. This will occur for the follows
ing conditions 3

(3) ?’2=F|1 ' (b> F‘2=f'l' (o)
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1f a reacting organ of an exeoutive element io contained in the oircudt
of P» aleo, then these conditlons must be maintsined aleo relative to the
cirouits 1) , £2 , and £'2 ,

The relations obtained above are the bases for the method of constructing
polarized oirculte and determine the limits of applicability of the methed.
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